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ℓ1 → ℓ2γ in type III seesaw
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We study the decay rates of the µ→ eγ and τ → ℓγ transitions in the framework of the type
III seesaw model, where fermionic triplets are exchanged to generate neutrino masses. We
show that the observation of one of those decays in planned experiments would contradict
bounds arising from present experimental limits on the µ→ eee and τ → 3l decay rates, and
therefore imply that there exist other sources of lepton flavour violation than those associated
to triplet of fermions.
1 Introduction
The Standard Model (SM) has the unique property of conserving flavour in the leptonic sector.
However, since the experimental discovery of neutrino oscillations, we know that lepton flavour
is violated in the neutrino sector. Neutrinos mass naturally arises within the framework of the
seesaw mechanism (via the exchange of heavy fields). In such models flavour violating rare
leptonic decays such as µ → eγ and τ → ℓγ are expected to be relevant. These decays have
already been studied in type I 1 and type II 2 seesaw models. In the following, we study these
decays in the framework of the type III seesaw model 3,4, where heavy triplets of fermions are
exchanged.
2 The type-III Seesaw model
The type-III seesaw model consists in adding SU(2)L triplets of fermions Σ, with zero hyper-
charge, to the SM. At least two triplets are needed to account for the observation of neutrino
masses, but in fact only one is sufficient to generate non-vanishing ℓ1 → ℓ2γ rate. In the following
we will not specify the number of triplets. The heavy fermions are in the adjoint representation
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Figure 1: Diagrams contributing to the µ → eγ transition. φ±, η denote the three Goldstone bosons associated
with the W− and Z bosons. H stands for the physical Higgs boson, and Ψ = Σ+cR + Σ
−
R .
of the SU(2)L group and have a gauge invariant Majorana mass term. The Lagrangian of its
interactions reads:
L = Tr[Σi/DΣ]− 1
2
Tr[ΣMΣΣ
c +ΣcM∗ΣΣ]− φ˜†Σ
√
2YΣL− L
√
2YΣ
†Σφ˜ , (1)
where L ≡ (l, ν)T , φ ≡ (φ+, φ0)T ≡ (φ+, (v+H + iη)/√2)T , φ˜ = iτ2φ∗, Σc ≡ CΣT and with, for
each fermionic triplet,
Σ =
(
Σ0/
√
2 Σ+
Σ− −Σ0/√2
)
, Σc =
(
Σ0c/
√
2 Σ−c
Σ+c −Σ0c/√2
)
. (2)
After electroweak symmetry breaking, the neutrino mass matrix is given by: mν = − v22 Y TΣ 1MΣYΣ.
The new Yukawa couplings are the source of mixing between the light leptons and the heavy
fermions, which, combined with the presence of the Majorana mass term, allow lepton flavour
violating processes. Thus, the study of these processes will enable to derive some bounds on the
new couplings: YΣ and MΣ
3 Flavour changing radiative leptonic decays
We briefly describe the main steps of the calculation of the µ→ e rate. The τ decay rates will
straightforwardly follow. The on-shell transition µ→ eγ is a magnetic transition, and it can be
written, in the limit me → 0, as:
T (µ→ eγ) = A× ue (p− q)
[
iqνελσλν (1 + γ5)
]
uµ (p) , (3)
where ε is the polarization of the photon, pµ the momentum of the incoming muon, qµ the
momentum of the outgoing photon and σµν =
i
2
[γµ, γν ]. The fourteen diagrams contributing
to these decays are shown in Fig. 1. The details of the calculation can be found in the related
paper 5. In the limit MΣ ≫MW , at O((YΣvMΣ )2), the total amplitude is given by:
T (µ→ eγ) = iG
SM
F√
2
e
32π2
mµue (p− q) (1 + γ5) iσλνελqνuµ (p)
×
{(
13
3
+ C
)
ǫeµ −
∑
i
xνi (UPMNS)ei
(
U †PMNS
)
iµ
}
, (4)
where C = −6.56, ǫ = v2
2
Y †
Σ
M−2
Σ
YΣ and xνi ≡
m2νi
M2
W
. The first part of the amplitude correspond
to the contribution of the fermionic triplet, while the second one is the usual contribution from
neutrino mixing (suppressed by a GIM cancellation). The branching ratio then reads :
Br (µ→ eγ) = 3
32
α
π
∣∣∣∣∣
(
13
3
+ C
)
ǫeµ −
∑
i
xνi (UPMNS)ei
(
U †PMNS
)
iµ
∣∣∣∣∣
2
. (5)
τ → lγ decays can be obtained from Eq. (5) by replacing µ by τ , e by l and by multiplying the
obtained result by6 Br(τ → eντ ν¯e) = (17.84±0.05)·10−2 . Since the neutrino mixing contribution
is extremely suppressed, it cna be neglected when compared to the present experimental bounds
on the branching ratios 6,7. This allow us to convert these experimental bounds into bounds on
the ǫαβ coefficients :
|ǫeµ| = v
2
2
|Y †
Σ
1
M †
Σ
1
MΣ
YΣ|µe ≤ 1.1 · 10−4, (6)
|ǫµτ | = v
2
2
|Y †
Σ
1
M †
Σ
1
MΣ
YΣ|τµ ≤ 1.5 · 10−2, (7)
|ǫeτ | = v
2
2
|Y †
Σ
1
M †
Σ
1
MΣ
YΣ|τe ≤ 2.4 · 10−2 . (8)
4 Comparison to µ→ eee and τ → 3ℓ′ decays
The presence of heavy fermions not only allows for one-loop lepton flavour violating processes,
but also for tree level decays such as µ → eee and τ → 3ℓ′. The latter branching ratios have
already been calculated in the type III seesaw model 4. It turns out that the bounds obtained
from these decays exactly apply on the same parameters ǫ as those obtained in Eqs. (6)-(8). To
understand this property let us study the example of µ→ eγ and µ→ eee . In both cases one
wants to link a muon to an electron with a same fermionic line. The only way to achieve this is
to mix a muon and an electron with a fermionic triplet. This implies that the flavour structure
of the µ-to-e fermionic line is the same in both processes. Regarding the couplings, there is only
one way to combine two Yukawa couplings and two inverse MΣ mass matrices to induce a µ-to-e
transition along a fermionic line: ǫeµ. This relation between the two types of decays implies that
the ratios of these branching ratios are fixed :
Br(µ→ eγ) = 1.3 · 10−3 ·Br(µ→ eee) , (9)
Br(τ → µγ) = 1.3 · 10−3 ·Br(τ → µµµ) = 2.1 · 10−3 · Br(τ− → e−e+µ−) , (10)
Br(τ → eγ) = 1.3 · 10−3 ·Br(τ → eee) = 2.1 · 10−3 · Br(τ− → µ−µ+e−) . (11)
Since the processes ℓ→ 3ℓ′ occur at tree level in this model while the ℓ→ ℓ′γ ones are one-loop,
small values of the ratios are expectedb. The µ → eee, τ → eee and τ → µµµ decays lead
to 4 |ǫeµ| < 1.1 · 10−6, |ǫµτ | < 4.9 · 10−4, |ǫeτ | < 5.1 · 10−4. Those bounds are better than
the one obtained in Eqs. (6)-(8). This means that in this model the tree-level processes will
provide the most competitive bounds on the ǫαβ parameters, even if the the experimental limit
on the branchng ratios of the radiative decays improves by two order of magnitude. Using the
experimental bounds6,8 Br(µ→ eee) < 1 ·10−12, Br(τ → eee) < 3.6 ·10−8 and Br(τ → µµµ) <
bNote that these ratios are obtained in the limit where MΣ ≫MW,Z,H . Not working in this limit, these ratios
can vary up to one order of magnitude.
3.2 · 10−8, one derives predictions for the bounds on branching ratios of the radiative decays :
Br(µ→ eγ) < 10−15 (12)
Br(τ → µγ) < 4 · 10−11 (13)
Br(τ → eγ) < 5 · 10−11 (14)
to be compared with experimental bounds6,7 : Br(µ→ eγ) < 1.2·10−11, Br(τ → µγ) < 4.5·10−8,
Br(τ → eγ) < 1.1 · 10−7 6.
5 Conclusion
In our work we were lead to the conclusion that the observation of one leptonic radiative decay
in the upcoming experiments will rule out the seesaw mechanism with only fermion triplets.
Indeed this would contradict bounds arising from present experimental limits on the µ → eee
and τ → 3l decay rates, and therefore imply that there exist other sources of lepton flavour
violation than those associated to triplet of fermions.
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